(19) 



J 



(12) 



(43) Date of publication: 

16.07.1997 Bulletin 1997/29 

(21) Application number: 97100251.4 

(22) Date of filing: 09.01.1997 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 784 038 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : C04B 38/06 



(84) Designated Contracting States: 


(72) 


Inventors: 


DE FR GB 


• 


Kawai, Chihiro, 






c/o Itami Works of Sumitomo 


(30) Priority: 09.01.1996 JP 1120/96 




Itami-shi, Hyogo (JP) 


09.01.1996 JP 1121/96 




Matsuura, Takahiro, 


03.12.1996 JP 322420/96 




c/o Itami Works of Sumitomo 






Itami-shi, Hyogo (JP) 


(71) Applicant: SUMITOMO ELECTRIC INDUSTRIES, 


• 


Yamakawa, Akira, 


LTD 




c/o Itami Works of Sumitomo 


Osaka-shi, Osaka-fu 541 (JP) 




Itami-shi, Hyogo (JP) 




(74) 


Representative: Fiener, Josef 






Postfachl2 49 






87712 Mindelheim (DE) 



(54) High-strength porous silicon nitride body and process for producing the same 



(57) A high-porosity and high-strength porous sili- 
con nitride body comprises columnar silicon nitride 
grains and an oxide bond phase containing 2 to 15 
wt.%, in terms of oxide based on silicon nitride, of at 
least one rare earth element, and has an Si0 2 /(Si0 2 + 
rare earth element oxide) weight ratio of 0.012 to 0.65 
and an average pore size of at most 3.5 |im. The porous 
silicon nitride body is produced by compacting compris- 
ing a silicon nitride powder, 2 to 15 wt.%, in terms of 
oxide based on silicon nitride, of at least one rare earth 
element, and an organic binder while controlling the 
oxygen content and carbon content of said compact; 
and sintering said compact in an atmosphere compris- 
ing nitrogen at 1 ,650 to 2.200°C to obtain a porous body 
having a three-dimensionally entangled structure made 
up of columnar silicon nitride grains and an oxide bond 
phase, and having an Si0 2 /(Si0 2 + rare earth element 
oxide) weight ratio of 0.012 to 0.65. 
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Description 

BACKGROUND OF THE INVENTION 
s 1 . Field of the Invention 

The present invention relates to a porous silicon nitride body having a high porosity, a high strength and an excel- 
lent machinability, and a process for producing the same. 

10 2. Description of the Prior Art 

In order to cope with recent environmental issues with car exhaust gas and the like, there has been an increasing 
demand for a porous ceramic usable as a variety of filters, catalyst carriers and structural materials having a high heat 
resistance, a high strength and a high thermal shock resistance. For example, there have been desired a filter and a 

15 catalyst carrier for removal of C0 2 , NO x and black smoke in car exhaust gas, and lightweight car parts for an improve- 
ment in respect of energy consumption. 

A porous silicon nitride body has been proposed as a promising suitable material of this kind (PCT International 
Publication No. WO 94/27929). This porous silicon nitride body is a porous body having a high porosity of at least 30 
vol.% as well as a high strength, a high toughness, a high thermal shock resistance and a high chemical resistance, 

20 wherein p-Si 3 N 4 grains are mutually bonded with a bond phase comprising at least one compound of a rare earth ele- 
ment (i.e., Sc, Y or lanthanide elements) in such a way as to have a three-dimensionally entangled structure. 

This porous silicon nitride body is obtained by mixing an Si 3 N 4 powder with a rare earth element oxide as a sinter- 
ing aid, compacting the resulting mixture, and then sintering the resulting compact in an atmosphere of pressurized 
nitrogen. The rare earth element oxide forms a liquid phase together with Si 0 2 present on the surfaces of the Si 3 N 4 

25 powder through a eutectic reaction at a high temperature during sintering to melt part of the Si 3 N 4 powder to thereby 
serve to precipitate columnar Si 3 N 4 grains. This liquid phase exists as a glass phase or crystalline phase in grain 
boundaries after sintering, and strongly bonds the columnar Si 3 N 4 grains to contribute to development of the high 
strength and high toughness properties of the porous Si 3 N 4 body. Additionally stated, Y 2 0 3 is cheapest and hence eas- 
ily available among rare earth element oxides. 

30 Sintering of an Si 3 N 4 ceramic is usually effected under a suitable gas pressure applied thereto in order to prevent 
sublimation of Si 3 N 4 at a high temperature. In the foregoing method of PCT International Publication No. WO 94/27929 
as well, a gas pressure is applied likewise. For example, the higher the temperature, the higher the pressure necessary 
for preventing the sublimation. Accordingly, a maximum pressure of 10 atm is applied up to 1 ,900°C, a maximum pres- 
sure of 40 atm is applied at 2,000°C, and a maximum pressure of 100 atm is applied at 2,100°C, whereby the sublima- 

35 tion is prevented. Thus, in the foregoing method of PCT WO 94/27929, application of the gas pressure during sintering 
is aimed only at preventing the sublimation of Si 3 N 4 at a high temperature. 

Meanwhile, a dense ceramic usable as a general structural member, examples of which include alumina, silicon 
nitride and zirconia, is hard to work, whereas such a porous body is easily machinable and can therefore be cut and 
perforated into an arbitrary shape even without using a special tool such as a diamond cutter. This can greatly lower the 

40 working cost. On the other hand, however, such a conventional porous body is usually lowered in mechanical strength 
due to the presence of pores, and is therefore hard to put into practical use as a structural member. Under such circum- 
stances, it has been desired to provide a porous body having an excellent workability as well as such a sufficient 
strength as to be put into practical use as a structural member. Additionally stated, the term "machinability" as used 
herein is intended to indicate such properties based on the universally accepted idea that a body can be smoothly sub- 

45 jected to working such as cutting, severance, perforation, or channeling with a drill, a saw, a cutting tool, etc. having an 
edge made of common carbon steel to form an arbitrary shape without cracking, chipping, etc. as if common wood is 
cut. 

A mica-glass ceramic manufactured under the trade name of "MACOFT by Corning Glass Works Corp., which is 
the only material substantially of the prior art in an aspect of machinability, is said to have a little machinability. Since 
so the substance of this product contains 30 to 40 vol.% of KMg 3 AISi 3 O 10 F 2 , however, it is still hardly cut with a common 
carbon steel tool, and involves easy cracking and softening deformation at about 800°C. Thus, this ceramic product 
rather has a plurality of defects. 

Glass ceramic materials further highly functional ized to be improved in strength and machinability have recently 
been developed, examples of which are disclosed in Japanese Patent Laid-Open No. 63-134554, Japanese Patent 
55 Publication No. 1 -59231 , Japanese Patent Laid-Open No. 62-7649. Japanese Patent Laid-Open No. 3-88744, and Jap- 
anese Patent Laid-Open No. 5-178641. However, both the ceramics as disclosed in Japanese Patent Laid-Open No. 
63-134554 and Japanese Patent Publication No. 1 -59231 have a flexural strength of at most 1 ,000 kg/cm 2 to be low in 
strength, and hence cannot be used as structural materials at all. 

On the other hand, the glass ceramics as disclosed in Japanese Patent Laid-Open No. 62-7649, Japanese Patent 



2 



BNSDOCID: <EP 0784038A2J_> 



EP 6 784 038 A2 



Laid-Open No. 3-88744, and Japanese Patent Laid-Open No. 5-1 78641 are said to be well strengthened to a maximum 
flexura! strength of 5,000 kg/cm 2 and have machinability such as workability with a drill. Since these glass ceramics are 
dense ceramics having a relative density close to about 1 00%, however, the machinability thereof, though improved, are 
not satisfactory at all. Besides, these glass ceramics are very high in cost because the process of producing crystalliz- 
5 able glass is complicated. 

Besides the glass ceramics, a porous S13N4-BN ceramic improved in strength and workability has been developed 
(Japanese Patent Laid-Open No. 3-141 1 61). This is said to have a porosity of 6 to 15% and a f lexural strength of at most 
40 kg/mm 2 , and to be machinable with a high speed steel cutting tool. However, this porous ceramic is still not well 
improved in workability because the porosity thereof is low. 

10 

SUMMARY OF THE INVENTION 

In view of the foregoing circumstances of the prior art, an object of the present invention is to provide a porous sil- 
icon nitride body having an excellent machinability and usable as a lightweight structural member, wherein the strength 
15 thereof is further improved while keeping the porosity thereof high, and a process for producing such a porous silicon 
nitride body. 

In order to attain the foregoing object, the present invention provides a porous silicon nitride body comprising 
columnar silicon nitride grains and an oxide bond phase and having a three-dimensionally entangled structure made up 
of the columnar silicon nitride grains and the oxide bond phase wherein the oxide bond phase comprises 2 to 15 wt.%, 
20 in terms of oxide based on silicon nitride, of at least one rare earth element and the porous silicon nitride body has an 
Si0 2 /(Si0 2 + rare earth element oxide) weight ratio of 0.012 to 0.65, an average pore size of at most 3.5 jum, and poros- 
ity x (vol.%) and three-point f lexural strength y (MPa) satisfying the relationship: 

-14.4x + 1300 :> y > -4.8x + 360 (provided that 68 :> x > 30). 

25 

A process for producing such a porous silicon nitride body according to the present invention comprises: compact- 
ing a compact comprising a silicon nitride powder, 2 to 15 wt.%. in terms of oxide based on silicon nitride, of at least 
one rare earth element, and an organic binder while controlling the oxygen content and carbon content of the compact; 
and sintering the compact in an atmosphere comprising nitrogen at 1 ,650 to 2,200°C to obtain a porous body compris- 

30 ing columnar silicon nitride grains and an oxide bond phase and having a three-dimensionally entangled structure made 
up of the columnar silicon nitride grains and the oxide bond phase in which the porous body has an Si02/(Si02 + rare 
earth element oxide) weight ratio of 0.01 2 to 0.65. 

In the foregoing process for producing a porous silicon nitride body, the strength properties thereof can be further 
improved by sintering under a gas pressure of at least 50 atm at 1 ,650 to 2,200°C. Specifically, the porous silicon nitride 

35 body thus obtained contains an oxide bond phase comprising 2 to 15 wt.%, in terms of oxide based on silicon nitride, 
of at least one rare earth element; and has an Si0 2 /(Si0 2 + rare earth element oxide) weight ratio of 0.012 to 0.65, an 
average pore size of at most 3 Jim, and porosity x (vol.%) and three-point flexural strength y (MPa) satisfying the rela- 
tionship: 

40 -14.4x + 1300 £ y £ -8.1x + 610 (provided that 50 £ x ^ 30) 

-14.4x + 1300 ^ y ^ -6.5x + 530 (provided that 68 ^ x ^ 50). 
BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Fig. 1 is a graph showing the region satisfying the porosity versus three-point flexural strength relationship of the 
numerical formula 1 in the porous silicon nitride body of the present invention. 

Fig. 2 is a graph showing the region satisfying the porosity versus three-point flexural strength relationship of the 
numerical formula 2 in the porous silicon nitride body of the present invention. 
so Fig. 3 is a model diagram showing a state of necking of silicon nitride grains in contact sites thereof as attained 
when the gas pressure is set high during sintering. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 It has been found out that control of the Si0 2 /(Si0 2 + rare earth element oxide) weight ratio in the range of 0.012 
to 0.65 in connection with Si0 2 and the rare earth element oxide contained in the porous body obtained after sintering 
is effective as a means for further improving tee strength of a porous Si 3 N 4 body while keeping the porosity thereof high. 
It has also been found out that control of the atmospheric gas pressure at a level of at least 50 atm during sintering can 
further improve the properties of a porous Si 3 N 4 body obtained through direct hot isostatic press (HIP) sintering under 
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such a high gas pressure without encapsulation of a compact while using an HIP apparatus in particular. 

In the present invention, the added rare earth element oxide forms a liquid phase together with Si0 2 present on the 
surfaces of the Si 3 N 4 powder through a eutectic reaction at a high temperature to melt part of the Si 3 N 4 powder to 
thereby serve to precipitate columnar Si 3 N 4 grains as described hereinbefore. In this case, when the SiO 2 /(Si0 2 + rare 
5 earth element oxide) weight ratio in connection with Si0 2 and the rare earth element oxide contained in the sintered 
body is controlled in the range of 0.012 to 0.65, there can be obtained a porous body very high in strength despite its 
high porosity which body comprises p-Si 3 N 4 crystals in a well developed hexagonal columnar form. 

More specifically, there can be obtained a high-strength porous Si 3 N 4 body, the porosity x (vol.%) and three-point 
f lexural strength y (MPa) of which satisfy the relationship of the following numerical formula 1 : 

10 

-14.4x + 1300 2> y £ -4.8x + 360 (provided that 68 £ x 2> 30) . [Numerical formula 1] 

Incidentally, the region satisfying the above numerical formula 1 is shown in Fig. 1. 

In the present invention, the Si0 2 /(Si0 2 + rare earth element oxide) weight ratio must be controlled in the range of 

15 0.012 to 0.65, and is desirably controlled in the range of 0.12 to 0.42. Additionally stated, although Si0 2 and the rare 
earth element oxide are reacted with nitrogen in Si 3 N 4 or in the atmospheric gas during sintering to exist in the form of, 
for example, Si-N-Y-O system compounds such as YSi0 2 N, YNSi0 2 , Y 2 Si 2 Oy and Y 2 Si 3 N 4 0 3 in the case where the 
rare earth element is Y, the value of the Si0 2 /(Si0 2 + rare earth element oxide) weight ratio as set forth herein is a value 
obtained through conversion based on the amount of all these compounds containing Si and the rare earth element. 

20 More specifically, it is calculated using the values of Si0 2 content and rare earth element oxide content obtained 
through conversion of the Si wt.% value and the rare earth element wt.% value, respectively, which are chemical anal- 
ysis values of Si and the rare earth element. 

When this weight ratio is lower than 0.012, the amount of Si0 2 is small and the liquid phase formation temperature 
is therefore so high that a difficulty may be encountered in liquid phase formation, whereby growth of columnar grains 

25 hardly occurs. Even if the liquid phase is formed, the viscosity of the liquid phase is so high that silicon nitride is hardly 
dissolved in the liquid phase with a low migration speed of the dissolved components within the liquid phase to form a 
so-called half-fired porous body wherein no three-dimensionally entangled structure is developed. Thus, the resulting 
porous body, though high in porosity, is low in strength. When this weight ratio exceeds 0.65 the other way around, the 
proportion of the rare earth element oxide, which promotes growth of columnar grains, is so low that columnar grains 

30 hardly grow despite formation of a sufficient amount of the liquid phase due to lowering of the liquid phase formation 
temperature, with the result that densif ication proceeds to a porosity of less than 30 vol.% to provide a low porosity and 
a low strength. 

In order that the resulting columnar crystal grains are in a hexagonal columnar form with developed idiomorphism, 
the Si0 2 /(Si0 2 + rare earth element oxide) weight ratio is preferably in the range of 0.12 to 0.42. In this case, there can 

35 be obtained a porous body further high in strength. The reason for this is not elucidated, but is believed to be that growth 
of Si 3 N 4 grains into a hexagonal columnar form with developed idiomorphism increases the mutual friction of columnar 
crystal grains to maximize the effect of entanglement thereof. 

The value of the Si0 2 /(Si0 2 + rare earth element oxide) weight ratio is determined by control of the oxygen content 
and carbon content of the compact before sintering if the amount of the added rare earth element oxide is fixed. Si0 2 

40 in the form of oxide films is present on the surfaces of the grains of the Si 3 N 4 powder, while an organic binder containing 
carbon as the principal component is added in compacting. Accordingly, the above-mentioned weight ratio is controlled 
by adjusting the amount of Si0 2 as an oxygen source and the amount of the organic binder as the carbon source and 
varying the preparation conditions of the compact before sintering, such as compacting conditions, binder removal 
treatment conditions, etc. Alternatively, positive addition of an Si0 2 powder and/or addition and mixing of a compound 

45 convertible into carbon by heating as a carbon source, e.g., phenol, may be done. 

This will be described specifically. When the compact is fired in an atmosphere comprising oxygen (generally in air) 
to effect binder removal treatment thereof, carbon is released as CO gas or C0 2 gas to decrease the carbon content in 
the compact by that portion, while at the same time the surfaces of the Si 3 N 4 powder are also oxidized and converted 
into Si0 2 . Thus, the Si0 2 content after the binder removal treatment is increased. As the binder removal treatment tem- 

50 perature is raised, and as the treatment time is lengthened, the carbon content is decreased, while the Si0 2 content is 
increased. Under the same binder removal conditions, the larger the amount of the organic binder added when com- 
pacting, the higher the carbon content. Additionally stated, when the binder removal temperature exceeds 1 ,000°C, the 
surface oxidation of the Si 3 N 4 powder is liable to rapidly proceed. On the other hand, when it is lower than 200°C. the 
binder is hard to remove from the compact unless the treatment time is lengthened. Thus, the binder removal treatment 

55 is desirably effected in the temperature range of 200 to 1 ,000°C. 

The Si0 2 content can also be varied by the compacting method. For example, when extrusion is done using water 
as a solvent, the surfaces of the Si 3 N 4 powder are oxidized during extrusion to increase the Si0 2 content. On the other 
hand, when dry compacting is done using an alcohol as a solvent, the Si0 2 content can be lowered. 

When the compact after the binder removal treatment, which is controlled in Si0 2 content and carbon content by 
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appropriate selection or combination of the preparation conditions of the compact such as compacting conditions, 
binder removal treatment conditions, etc., is heated in nitrogen for sintering, the residual carbon is reacted with Si0 2 on 
the surfaces of the Si 3 N 4 powder in keeping with heat-up of the compact to generate CO gas with a decrease in the 
Si0 2 content thereof (reduction of Si0 2 with carbon). Thus, the Si0 2 /(Si0 2 + rare earth element oxide) weight ratio in 

£ connection with Si0 2 and the rare earth element oxide in the resulting sintered body is determined by controlling the 
carbon content and oxygen content of the compact before sintering. 

The Si 3 N 4 powder to be used in the present invention is preferably amorphous or of a-type, although the Si 3 N 4 
powder may partially contain a p-type one. When the Si 3 N 4 powder is wholly composed of p-type grains, no columnar 
grains are formed. Meanwhile, as the grain size of the Si 3 N 4 powder is decreased, the pore size is decreased and the 

70 strength is enhanced. When a trace amount of an impurity element such as for example Al is mixed in the Si 3 N 4 powder 
to be used or the rare earth element oxide as a sintering aid, part of Si 3 N 4 is sometimes converted into compounds 
such as Si 3 AI 2 C>7N, which however do not particularly involve troubles. 

Meanwhile, yttrium is not only inexpensive and hence easily available, but also greatly effective in improving the 
strength. Although as the method of adding the rare earth element, the rare earth element or elements are usually 

75 added in the form of oxide powder, use of a rare earth element alkoxide enables it to be more homogeneously mixed 
with the Si 3 N 4 powder, whereby a further strengthened porous body can be obtained. 

The sintering temperature is suitably 1 ,650 to 2,200°C. The higher the temperature, the higher the effect of improv- 
ing the strength. When the sintering temperature is too high, however, not only does poor economy ensue therefrom, 
but also growth of grains occurs to increase the pore size, whereby the strength is, the other way around, liable to lower. 

20 Thus, a sintering temperature of up to 2,000°C is preferable. On the other hand, when the sintering temperature is lower 
than 1 ,650°C, no columnar grains are formed. 

As for the gas pressure during sintering, application of a pressure not substantially allowing Si 3 N 4 to sublime during 
sintering, for example, a pressure of up to about 10 atm, will usually suffice. The higher the gas pressure, the higher the 
strength of the resulting porous body. Sintering is preferably effected under a pressure of at least 50 atm to obtain a 

25 porous body having a higher strength as well as a high porosity. Such an effect is remarkably exhibited under a pressure 
of at least 100 atm in particular. Additionally stated, although an apparatus called "Sinter-HIP" can well cope with sin- 
tering under a pressure of at most 100 atm, an HIP apparatus for exclusive use must be used when the pressure 
exceeds 100 atm. The upper limit of the pressure is generally intended to be 2,000 atm, which is the upper limit in exist- 
ing HIP apparatuses. 

30 High gas pressure sintering represented by HIP sintering has heretofore been employed for vanishing final pores 
in production of a dense ceramic. More specifically, pores remaining in a ceramic densif ied to a porosity of at least 95% 
by primary sintering (under ordinary pressure) are vanished under a high gas pressure during HIP sintering. By con- 
trast, it has been found out that a porous body having a very high strength can be obtained by applying high gas pres- 
sure sintering directly to an Si 3 N 4 compact with the foregoing control of the Si0 2 content, the carbon content and the 

35 rare earth element oxide content as in the present invention. Additionally stated, when HIP sintering is employed in the 
present invention, HIP sintering is effected directly in a gas atmosphere without encapsulation of the compact. 

When the atmospheric gas pressure is set at 50 atm or higher during sintering as described above, there can be 
obtained a higher-strength porous Si 3 N 4 body, the porosity x (vol.%) and three-point f lexural strength y (MPa) of which 
satisfy the following numerical formula 2: 

40 

-14.4x + 1300 £ y £ -8.1x + 610 (provided that 50 ^ x ^ 30) [Numerical Formula 2] 

-14.4x + 1300 £ y £ -6.5x + 530 (provided that 68 £ x £ 50) 

45 Incidentally, the region satisfying the foregoing numerical formula 2 is shown in Fig. 2. For comparison, black dots in 
Fig. 2 represent porosities and three-point flexural strengths attained according to PCT International Publication No. 
WO 94/27929. 

The following explanation will be given to the effect of improving the strength of the porous body by sintering under 
a high gas pressure. It is believed that the high gas pressure during sintering increases the amounts of Si 3 N 4 and nitro- 
50 gen gas dissolved in the liquid phase and simultaneously activates the diffusion of the dissolved Si and N components 
to advance mutual necking of hexagonal columnar crystal grains in the contact sites thereof, with the result that a struc- 
ture having the contact sites 2 of columnar grains 1 developed can be obtained to provide a porous Si 3 N 4 body very 
high in strength. 

The porous Si 3 N 4 body of the present invention obtained according to the foregoing procedure has a structure 
55 wherein columnar Si 3 N 4 grains are three-dimensionally entangled with the oxide bond phase, and wherein the oxide 
bond phase contains 2 to 15 wt.%, in terms of oxide based on Si 3 N 4 , of at least one rare earth element. When the 
amount of the bond phase is smaller than 2 wt.% in terms of oxide, columnar grains with developed idiomorphism (hex- 
agonal) are not formed to lower the strength of the porous body. On the other hand, when it exceeds 15 wt.%, the 
amount of the grain boundary phase component low in strength is increased to lower the strength of the porous body 
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as well. 

Meanwhile, the average pore size of the porous Si 3 N 4 body is at most 3.5 fim, preferably at most 3 Jim, while the 
porosity thereof is in the range of 30 to 68 vol.%. When the average pore size exceeds 3.5 urn, the strength is lowered. 
The lower limit of the average pore size is not particularly limited because it is determined by the grain size of the Si 3 N 4 

5 powder as a starting material. However, the lower limit is 0.05 jim when a commercially available Si 3 N 4 powder is used, 
but this does not apply to the case where such a powder is specially prepared. A porous body having a porosity of less 
than 30 vol.% is hard to produce according to the process of the present invention in an aspect of the relationship 
between the grain growth rate and the densif ication speed. When the porosity exceeds 68 vol.%, the shape of the com- 
pact cannot be maintained during compacting because the porosity is too high. 

10 Although the foregoing porous Si 3 N 4 body of the present invention shows sufficiently high strength properties as a 
structural member, it is so easily machinable that it can be smoothly cut, severed, perforated, channeled, etc. into an 
arbitrary shape with a cutting tool having an edge made of either common carbon steel or alloy steel, e.g., a drill, a saw, 
or a cutting tool, without cracking, chipping, etc. as if common wood is cut. 

Further, the porous Si 3 N 4 body of the present invention is so low in Young's modulus for its high strength that it has 

15 a feature of excellent impact absorption. Young's modulus is lowered with an increase in porosity. The porous Si 3 N 4 
body of the present invention has a Young's modulus in the range of 15 GPa (porosity: 68 vol.%) to 100 GPa (porosity: 
30 vol.%). This porous Si 3 N 4 body is also so low in thermal conductivity that it can be used as a heat insulating material. 
The porous Si 3 N 4 body of the present invention especially satisfies the following relationship between the thermal con- 
ductivity z (W/mK) and the porosity x (vol.%): 

20 

z ^ -0.15x + 9.5 

Further, when the porosity of the porous Si 3 N 4 body becomes 40 vol.% or higher, the dielectric constant thereof 
becomes 3.6 or lower. Si 3 N 4 is a material having a low dielectric constant (c) (e = 7.6) among various ceramics. Further, 
25 the dielectric constant of a ceramic is lowered as the porosity thereof is increased. In view of the foregoing, a porous 
Si 3 N 4 body has been a greatly hoped-for low-dielectric-constant body. The porous Si 3 N 4 body of the present invention 
is a material having such a very high strength that no conventional low-dielectric-constant materials have, and is low in 
dielectric loss to the extent of no problem in practical use. 

Thus, the porous silicon nitride body of the present invention is a material balanced between the porosity and 
30 strength thereof at a very high level. Accordingly, when a filter is produced by making the most of the features of the 
porous body, the filter can be set to have a small thickness, and can exhibit a high permeability performance due to the 
high porosity thereof. Further, the porous body can serve as a lightweight high-strength ceramic capable of exhibiting a 
high performance as a variety of structural members such as automotive parts. Furthermore, since the porous body is 
a so-called machinable ceramic, which can be machined freely, it can contribute to a great reduction of the working cost, 
35 which accounts for a major proportion of the production cost of a ceramic part. 

Since the porous Si 3 N 4 body of the present invention is also endowed with a low dielectric constant and high 
strength properties, it is effective as a substrate material little in transmission loss in a high frequency range like that of 
millimeter waves. Besides, it can be utilized as a high-performance radar transmission material. 

Further, when the porous Si 3 N 4 body of the present invention is used as a friction material under oil lubrication con- 
40 ditions in a further application thereof, the friction coefficient thereof can be expected to be lowered due to infiltration of 
oil into pores thereof. Besides, it can be used as a sound absorbing material for use in road walls and the like, and as 
a wall material for use in houses and the like by making the most of its merits, i.e., a light weight, a high porosity, a high 
strength and a low thermal conductivity. 

The following examples illustrate the present invention more specifically. The proportions of the compounds of rare 
45 earth elements used in the examples are expressed by weight % in terms of oxides based on silicon nitride, unless oth- 
erwise indicated. 

Example 1 

so An a-Si 3 N 4 powder of 0.4 fim in average grain size was blended with a Y 2 0 3 powder of 0.01 5 urn in average grain 

size or Y(OC 2 H 5 ) 3 as a Y-alkoxide at a proportion as shown in Table 1 , and further admixed with 15 wt.%, based on the 
sum of the foregoing powders, of methyl cellulose as an organic binder. The resulting mixed powder was compacted to 
have a relative density of 44%. Each compact was heated in air at 500°C for 1 hour to effect binder removal treatment 
thereof, and then fired in a nitrogen gas atmosphere under sintering conditions as shown in Table 1 to obtain a porous 

55 Si 3 N 4 body. Additionally stated, the used Si 3 N 4 powder contained 2.25 wt% of Si0 2 as a surface oxide film. 
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Table 1 



Sample 


Sintering Aid 


Sintering Conditions 




Kind 


wt.% 


Temp. (°C) 


Time (hr) 


Pressure (atm) 


r 


Y 2 0 3 


1.9 


1800 


2 


5 


2 


Y 2 0 3 


2 


1800 


2 


5 


3 


Y 2 O s 


3 


1800 


2 


1000 


4 


Y 2 O s 


4.5 


1800 


2 


5 


5 


v 2 o 3 


4.5 


1800 


2 


49 


6 


Y 2 0 3 


4.5 


1800 


2 


51 


7 


Y 2 O s 


4.5 


1800 


2 


120 


8 


Y 2 0 3 


4.5 


1800 


2 


1000 


9 


Y 2 0 3 


8 


1800 


2 


2000 


10 


Y 2 O s 


15 


1800 


2 


2000 


11 


Y 2 0 3 


16.7 


1800 


2 


2000 


12 


Y(OC 2 H 5 ) 3 


8 


2000 


5 


1000 


13 


Y(OC 2 H 5 ) 3 


8 


2000 


7 


1000 


14 


Y(OC 2 H 5 ) 3 


8 


2000 


8 


2000 



(Note) The sample with * in the table is of Comparative Example. 



30 

The following experiments were carried out for each porous Si 3 N 4 body sample thus obtained. 

(1) Si0 2 /(Si0 2 + rare earth element oxide) weight ratio: This was examined by chemical analysis of the porous 
Si 3 N 4 body. 

(2) Porosity and Average Pore Size: They were measured with a mercury porosimeter. 

(3) Flexural Strength: The flexural strength at room temperature was measured by a three-point flexural strength 
test in accordance with J IS 1601 . 

(4) Young's Modulus: This was calculated from a stress-strain curve obtained in the flexural strength test. 

(5) Fuel Consumption: The porous Si 3 N 4 body was worked into a tappet shim of 30 mm in diameter and 5 mm in 
thickness, which was then mirror-polished to a degree of surface roughness Ra = 0.01 ^im, then assembled with a 
steel cam shaft, and installed in a gasoline engine car of 1 ,500 cc displacement, followed by examination of the 10 
mode fuel consumption thereof. 

The results are shown in the following Table 2. For comparison, the fuel consumption was examined using a dense 
45 Si 3 N 4 (strength: 1 ,500 MPa, specific gravity: 3.24) as well as steel tappet shim in the same manner as described above. 
The results are also shown in Table 2. 



35 
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Table 2 



5 


Sample 


Si02/(Si02 + 
rare earth ele- 
ment oxide) 


Porosity 
(%) 


Pore Size 
(jim) 


Young's 
Modulus 
(GPa) 


Flexural 
Strength 
(MPa) 


Fuel Con- 
sumption 
(km/I) 




r 


0.54 


54 


1.4 


22 


77 


■ 




2 


0.53 


54 


1.4 


25 


. 120 


■ 


10 


3 


0.43 


51 


1.3 


39 


200 


■ 




4 


0.33 


50 


1.4 


38 


133 


- 




5 


0.33 


50 


1.4 


39 


188 


* 


15 


6 


0.33 


48 


1.4 


46 


288 


■ 




7 


0.33 


45 


1.4 


57 


299 


- 




8 


0.33 


40 


1.2 


65 


422 


■ 




9 


0.22 


38 


1.1 


70 


533 


18.4 


on 


10 


0.13 


38 


1.1 


71 


399 






■j 1 


VJ. 1 1 17 


vJ Z7 


1.1 


70 


333 






12 


0.22 


32 


o!5 


77 


630 


17.3 


25 


13 


0.22 


31 


0.5 


78 


634 


17.1 




14 


0.22 


30 


0.4 


89 


644 


17.2 




15* 






dense Si 3 f> 


J 4 tappet shim 




16.4 


30 


16* 






steel tappet shim 




15.9 



(Note) The samples with * in the table are of Comparative Example. 



It is understandable from the above results that the porous Si 3 N 4 body of the present invention can keep the poros- 
es ity thereof high and has a very high three-point flexural strength for its porosity. It is also understandable that the porous 
Si 3 N 4 body of the present invention can greatly improve the fuel consumption efficiency of a car engine when it is used 
as a tappet shim. 

Example 2 

40 

Substantially the same procedure as in Example 1 was repeated to provide compacts having a relative density of 
44% except for use of an a-Si 3 N 4 powder of 3.0 jum in average grain size and a variety of rare earth element com- 
pounds of 0.005 urn in average grain size instead of Y 2 0 3 as a rare earth element compound. Each compact thus 
obtained was subjected to binder removal treatment in air at 450°C for 1 .5 hours, and then sintered under a pressure 
45 of 1 ,000 to 2,100 atm at a temperature of 1 ,600 to 1 ,990°C for 2 hours as shown in Table 3 to form a porous Si 3 N 4 body. 
Additionally stated, the used Si 3 N 4 powder contained 3.25 wt.% of Si0 2 . 



50 
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Table 3 



Sample 


Sintering Aid 


Sintering Conditions 




Kind 


wt.% 


Temp. (°C) 


Time (hr) 


Pressure (atm) 


17* 


Ce0 2 


8 


1600 


2 


1000 


18 


Ce0 2 


8 


1650 


2 


1000 


19 


Ce0 2 


8 


1750 


8 


1000 


20 


Ce0 2 


8 


1750 


6 


1000 


21 


Ce0 2 


8 


1750 


4 


1000 


22 


oeu 2 


o 

O 


i 750 


2.5 


1000 




Ce0 2 


8 


1990 


2 


1000 


24 


Nd 2 0 3 


8 


1990 


2 


1000 


25 


Gd 2 0 3 


8 


1990 


2 


1000 


26 


Dy 2 0 3 


8 


1990 


2 


1000 


27 


Yb 2 0 3 


8 


1990 


2 


2100 


28 


Yb 2 0 3 


8 


1990 


5 


2000 



(Note) The sample with * in the table is of Comparative Example. 

25 



Each porous Si 3 N 4 body sample thus obtained was evaluated according to the same experiments as described 
hereinabove. The results are shown in Table 4. 

30 

Table 4 



35 


Sample 


Si0 2 /(Si0 2 + 
rare earth ele- 
ment oxide) 


Porosity 
(%) 


Pore Size 
(nm) 


Young's 
Modulus 
(GPa) 


Flexural 
Strength 
(MPa) 




17* 


0.29 


55 


2.9 


27 


44 




18 


0.29 


50 


2.7 


40 


236 


40 


19 


0.29 


44 


3.5 


48 


200 


20 


0.29 


44 


3.2 


47 


200 




21 


0.29 


44 


3.0 


47 


290 




22 


0.29 


44 


2.2 


48 


415 


45 


23 


0.29 


32 


1.8 


95 


607 




24 


0.29 


32 


1.8 


81 


609 




25 


0.29 


31 


1.8 


88 


599 


50 


26 


0.29 


31 


1.8 


88 


588 




27 


0.29 


31 


1.8 


88 


596 




28 


0.29 


31 


1.8 


99 


633 



(Note) The sample with * in the table is ot Comparative Example. 

55 
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Example 3 

Substantially the same procedure as in Example 1 was repeated to provide compacts having a relative density of 
30%, 50% or 75% except for use of an a-Si 3 N 4 powder of 0.05 fim in average grain size and Er 2 0 3 of 0.005 \im in aver- 

5 age grain size instead of Y 2 0 3 as a rare earth element compound. Each compact thus obtained was subjected to binder 
removal treatment in air at 600°C for 1 hour, and then sintered under a pressure of 5 to 1,000 atm at a temperature of 
1 ,850 to 2,200°C for 2 to 2.5 hours as shown in Table 5 to form a porous Si 3 N 4 body. Additionally stated, the used Si 3 N 4 
powder contained 3.25 wt.% of Si0 2 . Samples were also prepared in the same manner as described above except that 
phenol in an amount of 0.4 to 0.8 wt.% based on the weight of the Si 3 N 4 powder was further added a carbon source 

10 other than the organic binder. 



Table 5 



75 


Sample 


Er 2 0 3 (wt.%) 


Phenol (wt.%) 


Compact 
Density (%) 


Sintering Conditions 












Temp. (°C) 


Time (hr) 


Pressure (atm) 




29* 


1.7 


not added 


30 


1850 


2 


5 


20 


30 


2 


not added 


30 


1850 


2 


5 


31 


2 


not added 


30 


1850 


2 


1000 




32 


4 


not added 


30 


1 oou 


o 






33 


8 


. not added 


30 


1850 


2 


5 


25 


34 


8 


not added 


30 


1850 


2 


55 




35 


8 


not added 


30 


1850 


2 


1000 




36 


8 


not added 


50 


1850 


2 


1000 


30 


37 


8 


not added 


70 


1850 


2.5 


50 




38 


8 


not added 


70 


' 1850 


2.5 


1000 




39 


15 


not added 


30 


1850 


2 


5 




40 


15 


0.4 


30 


1850 


2 


5 


35 


41 


15 


0.5 


30 


1950 


2 


| 5 




42 


15 


0.6 


30 


1950 


2 


5 




43 


15 


0.6 


30 


2200 


2 


56 


40 


44 


15 


0.6 


30 


2200 


2 


1000 




45* 


15.5 


0.8 


30 


2200 


2 


1000 




45* 


16.5 


0.8 


30 


2200 


2 


5 



(Note) The samples with * in the table are of Comparative Example. 

45 



Each porous Si 3 N 4 body thus obtained was evaluated according to the same experiments as described herein- 
above. The results are shown in Table 6. 

50 
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Table 6 



£ 


Sample 


Si0 2 /(Si0 2 + 
rare earth ele- 
ment oxide) 


Porosity 
(%) 


Pore Size 
0*rn) 


Flexural 
Strength 
(MPa) 




29* 


0.625 


69 


0.02 


66 




30 


0.62 


65 


0.06 


100 


10 


31 


0.62 


68 


0.06 


310 




32 


0.45 


59 


0.07 


111 




33 


0.29 


58 


0.07 


. 122 


15 


34 


0.29 


58 


0.07 


199 




35 


0.29 


58 


0.07 


400 




36 I 


0.29 


50 


0.06 


550 




37 


0.29 


32 


0.05 


400 


20 


38 


0.29 


30 


0.07 


850 




39 


0.18 


57 


0.08 


123 




40 


0.08 


59 


0.07 


129 


25 




u.uo 


ou 


n c\7 


1 UVJ 




42 


0.012 


67 


0.07 


101 




43 


0.012 


67 


0.07 


88 




44 


0.012 


67 


0.07 


94 


30 


45* 


0.010 


67 


0.07 


53 




46* 


0.009 


69 


0.07 


47 



(Note) The samples with * in the table are of Comparative Example. 



35 

Regarding Samples 32 to 35 in the above Table 5, the pure water permeability performance of each porous Si 3 N 4 
body was measured. In the measurement, the porous body was formed into a flat plate of 25 mm in diameter and 0.1 
mm in thickness, with which direct filtration was done under a feed pressure of 5 atm (atmospheric pressure on the per- 
40 meates side) to make the measurement. As a result, Samples 32 and 33 produced under a pressure of 5 atm during 
sintering were broken in the course of filtration, whereas Samples 34 and 35 produced under a pressure of at least 50 
atm during sintering were capable of filtration without breakage. The permeate flow rate during filtration was 6.8 
ml/min/cm^/atm in the case of Sample 34 and 7.0 ml/mi n/cm 2 /atm in the case of Sample 35. 

45 Example 4 

An a-Si 3 N 4 powder of 0.13 \xvn in average grain size was admixed with a Y 2 0 3 powder of 0.3 jxm in average grain 
size at a proportion as shown in Table 7, and further admixed with 12 wt.%, based on the whole ceramic powder, of a 
polyethylene glycol binder as an organic binder, followed by compacting to a compact density of 50%. Each of the 
so resulting compacts was heated in air at 320°C for 1 hour to effect binder removal treatment thereof, and then sintered 
in a nitrogen gas atmosphere under a pressure as shown in Table 7 at 1,800°C for 2 hours to obtain a porous Si 3 N 4 
body. Additionally stated, the used Si 3 N 4 powder contained 3.3 wt.% of Si0 2 . 

Each porous Si 3 N 4 body sample thus obtained was evaluated according to the same experiments as described 
hereinabove as well as the following experiments. The results are shown in Table 7 to 9. 

55 

(6) Average Aspect Ratio: The major axes and minor axes of 50 grains arbitrarily chosen from a scanning electron 
microscope photomicrograph for each sample were measured to calculate the respective average values thereof 
and the average aspect ratio (average major axis/average minor axis) was obtained. 

(7) Measurement of Thermal Conductivity: This was measured using a test piece of 10 mm in diameter and 1 mm 
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in thickness according to the laser flash method. 

(8) Machinability: A high speed steel cutting tool was installed in a lathe, with which a surface of a test piece of 100 
mm in diameter cut out from each sample was shaved through a single feed motion at a revolution speed of 800 
rpm to a cut depth of 1 mm and a cut length of 100 mm. The machinability was evaluated according to the three 
5 ratings: i.e., o for a difference of at most 0.01 mm in outer diameter between both ends, ■ for a difference of more 

than 0.01 mm to 0.02 mm in outer diameter therebetween, and x for a difference of more than 0.02 mm in outer 
diameter therebetween. 



10 

Table 7 



25 



30 



Sample 


Y 2 0 3 

(Wt.%) 


Sintering 
Pressure 
(atm) 


Si0 2 /(Si0 2 
+Y 2 0 3 ) 


Porosity 

to/ \ 

(%) 


Pore Size 
(\xm) 


Average Crystal Grain 
Size 


Aspect 
Ratio 














Major 
Axis(|Lim) 


Minor 
Axis(jutm) 




47* 


0.5 


3 


0.77 


45 


0.8 


1 


0.5 


2 


48* 


1 


3 


0.71 


39 


1.5 


3 


0.8 


3.75 


49* 


2 


3 


0.66 


48 


1.8 


4.2 


0.9 


4.67 


50 


4 


3 


0.42 


48 


0.8 


15 


1 


15 


51 


8 


60 


0.22 


58 


3.5 


20 


1.5 


13.3 


52 


12 


63 


0.19 


57 


3.0 


20 


1.6 


12.5 


53 


15 


7 


0.12 


55 


4.0 


18 


1.8 


10 


54* 


17 


3 


0.14 


49 


3.2 


15 


1.9 


7.89 


55* 


20 


3 


0.04 


50 


3.0 


25 


2.0 


12.5 



(Note) The samples with * in the table are of Comparative Example. 



35 



Table 8 



40 


Sample 


Flexural 
Strength 
(MPa) 


Thermal 
Conductiv- 
ity A(W/mK) 


Machinability 




47* 


40 


5.0 


X 


45 


48* 


88 


4.4 


X 




49* 


99 


3.2 


X 




50 


230 


2.7 


o 




51 


188 


1.6 


o 


50 












52 


195 


1.7 


o 




53 


166 


1.5 


0 




54* 


" 95 


1.6 


o 


55 


55* 


55 


0.3 


■ 



(Note) The samples with * in the table are of Comparative 
Example. 
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Further, a starting Si 3 N 4 material powder of 10 urn in average grain size, a starting BN material powder of 10 \im 
in average grain size, and a starting SiC material powder of 1 urn in average grain size were mixed with a Y 2 0 3 powder 
of 4 fjim in average grain size and an Al 2 0 3 powder of 2 urn in average grain size as sintering aids at a proportion, based 
5 on the combined weight of the Si 3 N 4 , BN and SiC powders as shown in Table 9 and further admixed with 12 wt.%, 
based on ail the foregoing powders, of a polyethylene glycol binder as an organic binder. The resulting mixture was 
compacted, and then sintered in a nitrogen gas atmosphere under a pressure of 160 kg/cm 2 at 1,800°C for 1 hour. 
Thus, 5 kinds of Si 3 N 4 -BN composite materials were obtained. These samples of Comparative Example were evaluated 
in the same manner as described above. The results are shown in Table 9. 



Table 9 



Sample 


Si 3 N 4 
(wt.%) 


BN (wt.%) 


SiC (wt.%) 


Sintering Aid (wt.%) 


Porosity 
(%) 


Flexural 
Strength 
(MPa) 


Machinabil- 
ity 










Y 2 0 3 


AI 2 O s 








56* 


70 


20 


10 


9 


1 


6 


400 


x 


57* 


25 


40 


35 


2 


1 


10 


200 


X 


58* 


45 


50 


5 


6 


2 


10 


230 


X 


59* 


20 


60 


20 


0.5 


0.5 


12 


150 


X 


60* 


26 


70 


4 


3 


2 


15 


100 


X 



(Note) The samples with * in the table are of Comparative Example. 



30 Example 5 

An a-Si 3 N 4 powder of 0.6 \im in average grain size was admixed with 3 wt.% of a variety of rare earth element oxide 
powders of 0.4 jim in average grain size as shown in the following Table 10 as a sintering aid. The resulting mixed pow- 
der was admixed with 2 wt%, based on the whole ceramic powder, of methylcellulose as an organic binder, and then 
35 compacted to a compact density of 50%. Each of the resulting compacts was heated in air at 800°C for 1 hour to effect 
binder removal treatment thereof, and then sintered in nitrogen gas under a pressure of 500 atm at a temperature as 
shown in Table 10 for 2 hour to obtain a porous Si 3 N 4 body. Additionally stated, the used Si 3 N 4 powder contained 1 .7 
wt.% of Si0 2 . 

Each porous Si 3 N 4 body sample thus obtained was evaluated according to the same tests as described herein- 
40 above, and further tested for the following perforation machinability. 

(9) Perforation Machinability: A perforation machinability test was carried out using a cutting tool, i.e., steel drill, at 
a revolution speed of 50/min to make evaluation according to the ratings: o for a perforated sample, ■ for a chipped 
sample, and x for a broken sample. The results are shown in Tables 10 and 1 1 . The Si 3 N 4 -BN composite materials 
45 of Comparative Example obtained in Example 4 and a glass ceramic produced according to Table 1 in Japanese 
Patent Laid-Open No. 5-1 78641 were also tested for perforation machinability, but these comparative samples were 
all broken in the course of perforation machining. 



50 
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Table 10 



5 


Sample 


Aid 


Sintering 
Temp. (°C) 


Si0 2 /(Si0 2 
+ rare earth 
element 
oxide 


Porosity 
(%) 


Pore Size 
(urn) 


Average Crystal Grain 
Size 


Aspect 
Ratio 


10 














Major 
Axis(pm) 


Minor 
Axis(Mm) 






61* 


La 2 0 3 


1600 


0.36 


48 


0.3 


0.9 


0.2 


4.5 




62 


La 2 0 3 


1700 


0.35 


48 


0.3 


3.8 


0.2 


19 




63 


La 2 0 3 


1900 


0.35 


39 


0.1 


5.0 


0.15 


33 


15 


64 


La 2 C>3 


2200 


0.37 


30 


0.05 


8.0 


0.9 


Q Q 

o.y 




65 


Ce 2 0 3 


1700 


0.37 


48 


0.2 


3.9 


0.3 


13 




66 


Nd 2 O s 


1700 


0.40 


48 


0.2 


4.2 


0.25 


16.8 


20 


67 


Gd 2 0 3 


1700 


0.35 


48 


0.2 


3.6 


0.3 


12 




68 


Dy 2 0 3 


1700 


0.35 


49 


0.3 


3.8 


0.2 


19 




69 


Yb 2 0 3 


1700 


0.37 


49 


0.2 


3.9 


0.3 


13 



(Note) The sample with * in the table is of Comparative Example. 

25 



Table 1 1 



Sample 


Flexural 
Strength 
(MPa) 


Thermal 
Conductiv- 
ity MW/mK) 


Perforation 
Machinability 


61* 


90 


2.7 


■ 


62 


266 


3.5 


0 


63 


177 


2.2 


o 


64 


366 


7.4 


X 


65 


255 


2.8 


o 


66 


239 


2.7 


0 


67 


241 


3.3 


o 


68 


277 


3.2 


o 


69 


299 


2.9 


o 



(Note) The sample with * in the table is of Comparative 
Example. 



Example 6 

An a-Si 3 N 4 powder of 0.25 jim in average grain size was admixed with a Y 2 0 3 powder of 0.02 urn in average grain 
size, and then admixed with 12 wt.%, based on all the ceramic powders, of methylcellulose as an organic binder. The 
resulting mixed powder was compacted. Each compact was heated in air at 500°C for 1 hour to effect binder removal 
treatment thereof, and then sintered in a nitrogen gas atmosphere under conditions as shown in the following Table 12 
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for 2 hours to obtain a porous Si 3 N 4 body. In Comparative Example, the same procedure as described above was con- 
ducted except that 2 wt.% of an Al 2 0 3 powder of 0.03 urn in average grain size and 5 wt.% of a Y 2 0 3 powder of 0.02 
urn in average grain size were added to the same Si 3 N 4 powder as used above and sintering was carried out under con- 
ditions as shown in Table 12. Additionally stated, the used Si 3 N 4 powder contained 2.0 wt.% of Si0 2 - 



Table 12 





Sample 


Sintering Aid Kind (wt.%) 


Compact Density 
(a/cm 3 ) 


Sintering Conditions 


10 








Temp. (°C) 


Pressure (atm) 




70* 


YoOq(8) 


1.38 


1830 


4 




71 


Y0CM8) 


1.4 


1830 


5 


15 


72 


YoO*(8) 


1.4 


1830 


50 




73 


Y0CM8) 


1.45 


1830 


52 




74 


Y 2 0 3 (8) 


1.5 


1830 


60 




75 


Y 2 0 3 (8) 


1.6 


1830 


5 


20 


76 


Y 2 0 3 (8) 


1.6 


1830 


66 




77 


Y 2 0 3 (8) 


1.7 


1830 


50 




78 


Y 2 0 3 (8) 


1.75 


1830 


120 


25 


79 


Y 2 0 3 (8) 


1.8 


1830 


150 




80* 


Y 2 0 3 (5)+AI 2 0 3 (2) 


1.6 


1400 


4 




81* 


Y 2 0 3 (5)+AI 2 0 3 (2) 


1.6 


1500 


4 


30 


82* 


Y 2 0 3 (5)+AI 2 0 3 (2) 


1.6 


1600 


4 



(Note) The samples with * in the table are of Comparative Example. 



35 Each porous Si 3 N 4 body sample thus obtained was evaluated according to the same tests as described herein- 
above, and further subjected, using a resonator, to measurement of dielectric constant and dielectric loss at a fre- 
quency of 1 GHz, which were calculated from a resonance frequency. The results are shown in Table 13. 



40 



45 



50 



55 



15 



BNSDOCID: <EP 07 8*038 A2_L> 



EP 0 784 038 A2 



Table 13 



5 


Sample 


Si0 2 /(Si0 2 + 
rare earth 
element 
oxide 


Porosity (%) 


Pore Size 
(urn) 


Aspect Ratio 


Flexural 
Strength 
(MPa) 


Dielectric 
Constant s 


Dielectric 
Loss (x10 3 ) 




70* 


0.20 


70 


0.5 


19 


48 


2.44 


1.00 


10 


71 


0.21 


65 


0.36 


20 


80 


2.53 


0.99 




72 


0.21 


65 - 


0.38 


20 


120 


2.53 


0.98 




73 


0.22 


60 


0.33 


21 


165 


2.69 


0.96 


15 


74 


0.20 


55 


0.3 


18 


200 


2.87 


0.99 


75 


0.22 


50 


0.22 


19 


170 


3.07 


0.96 




76 


0.22 


50 


0.2 


20 


250 


3.07 


0.94 




77 


0.22 


45 


U. ID 




oUU 


o.oU 


ft AA 

u.oo 


20 


78 


0.22 


40 


0.11 


16 
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(Note) The samples wHh * in the table are of Comparative Example. 
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According to the present invention, there can be provided an easily machinable porous silicon nitride body having 
a very high strength despite its high porosity and a lightweight. Further, this porous silicon nitride body is low in Young's 
modulus and hence excellent in impact absorptivity, and low in thermal conductivity and hence excellent in heat insu- 
lating properties. Accordingly, the porous silicon nitride body of the present invention is useful not only as a filter for sep- 
35 aration of a liquid or a gas as a matter of course, but also as a heat insulating material, a sound absorbing material and 
a variety of structural materials for automobile parts and the like. Besides, it enables the working cost to be greatly low- 
ered. 

Since the porous silicon nitride body of the present invention also has a feature of low dielectric constant, it is effec- 
tive as a radar transmission material, and can be utilized as an electronic part substrate material such as a substrate 
40 material low in transmission loss at a high frequency like that of millimeter waves. 

Claims 

1 . A high-strength porous silicon nitride body comprising columnar silicon nitride grains and an oxide bond phase and 
45 having a three-dimensionally entangled structure made up of said columnar silicon nitride grains and said oxide 

bond phase wherein said oxide bond phase comprises 2 to 15 wt.%, in terms of oxide based on silicon nitride, of 
at least one rare earth element and said porous silicon nitride body has an Si0 2 /(Si02 + rare earth element oxide) 
weight ratio of 0.01 2 to 0.65, an average pore size of at most 3.5 fim, and porosity x (vol.%) and three-point flexural 
strength y (MPa) satisfying the relationship: 

50 

-14.4x + 1300 :> y 2> -4.8x + 360 (provided that 68 ^ x ^ 30). 

2. A high-strength porous silicon nitride body comprising columnar silicon nitride grains and an oxide bond phase and 
having a three-dimensionally entangled structure made up of said columnar silicon nitride grains and said oxide 

55 bond phase wherein said oxide bond phase comprises 2 to 15 wt.%, in terms of oxide based on silicon nitride, of 
at least one rare earth element and said porous silicon nitride body has an Si0 2 /(Si0 2 + rare earth element oxide) 
weight ratio of 0.012 to 0.65, an average pore size of at most 3 \im, and porosity x (vol.%) and three-point flexural 
strength y (MPa) satisfying the relationship: 
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-14.4x + 1300 £ y s> -8.1x + 610 (provided that 50 2> x ^ 30) 
-14.4x + 1300 ;> y ;> -6.5x + 530 (provided that 68 £ x > 50). 

5 3. A high-strength porous silicon nitride body as claimed in claim 1 or 2, in which said Si0 2 /(Si0 2 + rare earth element 
oxide) weight ratio is 0.12 to 0.42. 

4. A high-strength porous silicon nitride body as claimed in any one of claims 1 to 3, in which the thermal conductivity 
z (W/mK) and porosity x (vol.%) thereof satisfy the relationship: 

w 

2 £ -O.ISx + 9.5. 

5. A high-strength porous silicon nitride body as claimed in any one of claims 1 to 3, in which the Young's modulus 
thereof is 15 to 100 GPa. 

75 

6. A high-strength porous silicon nitride body as claimed in any one of claims 1 to 3, in which the porosity thereof is 
40 to 68 vol.% and the dielectric constant thereof is at most 3.6. 

7. A high-strength porous silicon nitride body as claimed in any one of claims 1 to 6, in which said porous silicon 
20 nitride body can be cut with a cutting tool made using an alloy steel or carbon steel. 

8. A high-strength porous silicon nitride body as claimed in any one of claims 1 to 7, in which said rare earth element 
is yttrium. 

25 9. A process for producing a high -strength porous silicon nitride body, comprising: compacting a compact comprising 
a silicon nitride powder, 2 to 15 wt.%, in terms of oxide based on silicon nitride, of at least one rare earth element, 
and an organic binder while controlling the oxygen content and carbon content of said compact; and sintering said 
compact in an atmosphere comprising nitrogen at 1 .650 to 2,200°C to obtain a porous body comprising columnar 
silicon nitride grains and an oxide bond phase and having a three-dimensionally entangled structure made up of 

30 said columnar silicon nitride grains and said oxide bond phase in which said porous body has an Si0 2 /(Si0 2 + rare 
earth element oxide) weight ratio of 0.012 to 0.65. 

10. A process for producing a high-strength porous silicon nitride body as claimed in claim 9, in which said compact 
contains an Si0 2 powder as an oxygen source and/or a compound convertible into carbon by heating as a carbon 

35 source. 

1 1 . A process for producing a high-strength porous silicon nitride body as claimed in claim 9 or 10, in which the oxygen 
content and carbon content of said compact are controlled to obtain a porous body having an Si0 2 /(Si0 2 + rare 
earth element oxide) weight ratio of 0.12 to 0.42 after said sintering. 

40 

1 2. A process for producing a high-strength porous silicon nitride body as claimed in any one of claims 9 to 1 1 , in which 
said compact is sintered in an atmosphere of a pressurized gas of at least 50 atm at 1 .650 to 2.200°C. 

13. A process for producing a high-strength porous silicon nitride body as claimed in any one of claims 9 to 1 2, in which 
45 said rare earth element is yttrium. 



50 
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FIG. 3 
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con nitride body comprises columnar silicon nitride 
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rare earth element oxide) weight ratio of 0.012 to 0.65 
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organic binder while controlling the oxygen content and 
carbon content of said compact; and sintering said com- 
pact in an atmosphere comprising nitrogen at 1,650 to 
2,200°C to obtain a porous body having a three-dimen- 
sionally entangled structure made up of columnar sili- 
con nitride grains and an oxide bond phase, and having 
an Si0 2 /(Si0 2 + rare earth element oxide) weight ratio 
of 0.012 to 0.65. 
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